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REMARKS 

I* Detailed Action 

The Examiner objects to claims 88 and 91 for informalities. Applicants respectfully 
submit that claims 88 and 91 have now been amended and are in proper condition for 
allowance. Reconsideration is requested. 

Applicants acknowledge after careful reading of the Specification that several minor 
spelling and punctuation mistakes were found. The specification has now been amended to 
correct these minor changes that do not add new matter. 

II. Claim Rejections - 35 U.S.C § 1 12, First Paragraph 

Claims 83-85 and 98 stand rejected under 35 U.S,C. § 1 12, first paragraph for lack of 
enablement. The Examiner states that the specification is enabling for "how to make 
transgenic tobacco and tomato plants that express recombinant hepatitis B viral surface 
antigen proteins". However, the Examiner states that the specification does not disclose how 
to ''make transgenic plants that express a recombinant animal viral antigen protein at a level of 
about .03% or more of total soluble protein, at a level of about .05% or more of total soluble 
protein, or at a level of about .1% or more of total soluble protein". In addition, the Examiner 
states that Applicants have not disclosed the type of vector to be used therefore the 
"specification does not provide sufficient guidance for one of skill in the art to make 
transgenic plants that express a recombinant animal viral antigen protein at the claimed 
levels". 

Applicants respectfully traverse this rejection. Attached herewith for the Examiner's 
consideration is the §132 Declaration of Dr. John Howard discussing Applicants ability to 
overcome the technical difficulties of expression of viral antigens in plants which 
subsequently will produce an immune response in a human or animal when consumed as food 
(page 14, specification). This Declaration was also submitted in the prosecution of the parent 
application of this invention (USSN 09/1 1 1 ,330). As exemplified in the Declaration, 
processing of heterologous protein products in plants may produce an altered structure, or lead 
to miscompartmentalization, or be processed in low yields (paragraph 5, Declaration). 
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Further, as exemplified in Fryxell, membrane bound proteins are difficult to express and 
typically achieve only very low expression levels (paragraph 6, Declaration). Such 
difficulties and low expression levels would not leave one of skill in the art to expect that an 
immune response could be. generated when a transgenic plant producing antigen at this low 
level is introduced. However, Applicants have accomplished exactly what one skilled in the 
art thought could not be done. As described in paragraph 9 of the Declaration, Applicants 
conducted experiments which follow the teachings of the specification whereby high 
expression of viral antigens in plants was achieved (page 3, Declaration). This was the first 
known clear ability to express viral antigens at a detectable level in plants thereby eliciting an 
immune response. 

Applicants also provide, with this amendment, a copy of Gomez et al s "Expression of 
Immunogenic Glycoprotein S Polypeptides from Transmissible Gastroenteritis Coronavirus in 
Transgenic Plants" Virology , 249:352-358 (1998). In this article, the authors cite inventor, 
Mason's 1992 description of the present invention as the first introduction of vaccine 
production in transgenic plants. (See p. 352, col. 2 citing Mason et al., "Expression of 
Hepatitis B Surface Antigen in Transgenic Plants", Proc. Natl. Acad. Sci.. 89:11745-11749 
(1992), copy also attached). They discuss the Mason descriptions and follow its teachings to 
expression TGEV in Arabidopsis. Thus, Gomez et al. recognizes the present invention as the 
first to actually teach viral- expression in plants and uses Applicants teachings to later express 
the TGEV protein. 

As also described in the Declaration, the Applicants are able to achieve expression 
levels of animal viral antigens using the processes described in the application which have not 
before been achieved. As the Declaration demonstrates, previous expression levels have been 
so low that an immune response is not expected. For the first time, however, the Applicants 
have expressed viral antigens at high levels in plants. As the data demonstrates, a viral 
protein, optimized for plants, was expressed in leaf of com at up to 0.1% of total soluble 
protein. To date, no demonstration has been previously made of expression levels this high. 
Applicants do include claims which recite these levels of expression to further define the 
invention. Applicants respectfully submit that the specification does provide sufficient 
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guidance for one of skill in the art and that through this Declaration, it is clear that the 
specification is enabling. 

In addition, the Examiner states that the Applicants have not disclosed the type of 
vector to be used. Applicants respectfully traverse this rejection. The specification teaches 
the various methods of introducing foreign genes into both monocotyledonous and 
dicotyledonous plants. "The principle methods of causing stable integration of exogenous 
DNA into plant genomic DNA include the following approaches: 1) Agsohsfilsom-niediated 
gene transfer; 2) direct DNA uptake, including methods for direct uptake of DNA into 
protoplasts, DNA uptake induced by brief electric shock of plant cells, DNA injection into 
plant cells or tissues by particle bombardment, by use of the micropipette systems, or by the 
direct incubation of DNA with germinating pollen; or 3) the use of plant virus as gene 
vectors" (page 18, specification). Further, the application goes on to specifically detail the use 
of vectors through the various methods of directing DNA transfer into plant cells thereby 
teaching a plasmid vector for transforming a plant with a promoter operably-linked to a DNA 
sequence encoding a recombinant viral antigen that is antigenic to a human or an animal (page 
20-28, specification). 

The Examiner further states that the specification is not enabling in disclosing the 
"level at which a recombinant protein must be expressed in order for transgenic plant tissue to 
elicit an immune response against a viral antigen when said tissue is orally administered to an 
animal". In addition, the Examiner states that Applicants have not disclosed the "manner in 
which such tissue should be administered to an animal in order to elicit an immune response". 

Applicants respectfully traverse this rejection. As stated above, the §132 Declaration 
submitted herewith follows the disclosure in the specification of the recombinant protein 
expression in transgenic plant tissue in order to elicit an immune response against a viral 
antigen protein which had not previously been achieved. Therefore, Applicants submit the 
present specification does provide for enablement. Further, the specification does teach the 
use of "oral vaccines in one or more tissues of a transgenic plant, thereby availing large 
human and animal populations of an inexpensive means of vaccine production and 
administration" (page 6, specification). The specification further teaches the oral vaccine 
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being produced in edible transgenic plants and then administered through the consumption of 
apart of those edible plants (page 8, specification). As described above, the transgenic plants 
will express a recombinant animal viral antigen protein at certain levels of expression of total 
soluble proteins. In addition, "the preparation of vaccines is generally well understood in the 
art (e.g., those derived from fermentative yeast cells known well in the art of vaccine 
manufecture) Valenzueia et al., Nature 298, 347-350 (1982), as exemplified by US. Patents 
4,608,251; 4,601,903; 4,599,231; 4,599,230; 4,596,792; and 4,578,770, all incorporated by 
reference on page 16 of the specification. Typically, such vaccines are prepared as injectables, 
either as liquid solutions or suspensions. Solid forms suitable for solution in, or suspension 
in, liquid prior to injection may also be prepared" (page 16, specification). The specification 
goes on to explain the conventional administration of vaccines thereby enabling one skilled in 
the art to orally administer such vaccines to animals. 

Applicants assert that the amended and original claims 83-85 and 98 are enabled by 
the specification provided. Applicants therefore respectfully request reconsideration and the 
withdrawal of the rejection under 35 U.S.G § 1 12, first paragraph. 

in. Claim Rejections - 35 ILS.C. § 112, Second Paragraph 

Claims 98-100 stand rejected under 35 U.S.C § 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. The Examiner states that claim 98 is indefinite, as it is 
"unclear whether the planter the plant tissue is expressing a recombinant protein". Claim 98 
has now been amended to recite therein said plant tissue" thereby alleviating this rejection. 

The Examiner further states that claims 99-1 00 are indefinite in their recitation of 
"said plant", as it is "unclear if the plant refers to a plant comprising a protein or a transgenic 
plant". Claims 99-100 have now been amended to specify 'transgenic plant" thereby 
alleviating this rejection. Applicants assert all the claims are in a condition for allowance. 
Applicants respectfully request reconsideration and withdrawal of the rejections under 35 
tLS.C § 112, second paragraph. 
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IV. Claim Rejections » 35 U.S.C § 102(e) 

Claims 73-75, 88, 91 and 99-100 stand rejected under 35 U.S.C § 102(e) as being 
anticipated by Goodman etal. (U.S. Patent No. 4,956,282, September 11, 1990). The 
Examiner states that Goodman et al. teaches "transgenic plants expressing recombinant 
animal viral antigen proteins from leukemia and lymphotrophic retroviruses, herpes simplex 
virus, hepatitis B virus and adenovirus; transgenic plants expressing chimeric recombinant 
animal viral antigen proteins fused to a transit or leader peptide from a plant peptide; and the 
use oftomalo plants to express these proteins as well as other edible plants". Therefore, the 
Examiner states "these plants would inherently possess the ability to elicit an antigenic 
response, and the viral proteins taught by Goodman et al. would inherently trigger the 
production of antibodies to: a viral protein". The Examiner further notes that the reference 
does not teach "an antigenic response in animals upon oral administration of tissue obtained 
form the claimed plants". 

Applicants respectfully traverse this rejection. The Goodman et al. reference simply 
provides a general disclosure of a means of expressing mammalian peptides in plant cells. 
Goodman et al. does not teach the use of viral antigenic proteins expressed in transgenic 
plants or the use of the proteins as a vaccine which elicit an immune response upon oral 
administration. Applicants respectfully submit that "for prior art to anticipate under 35 U.S.C. 
§ 102, every element of the claimed invention must be identically disclosed, either expressly 
or under principles of inherency in a single reference." Corning Glass Works v. Sumitomo 
Electric, 9 U.S.P.Q.2d 1962, 1965 (Fed. Cir. 1989). The exclusion of a claimed element, no 
matter how insubstantial or obvious, from a prior art reference is enough to negate 
anticipation. Id. In order to be anticipated there must be a teaching of a viral, as opposed to 
bacterial or mammalian protein, properly folded (glycosylated) and finally that it expresses at 
adequate levels. Ex parte Deuel 33 U.S.P.Q.2d 1445, 1451 (Bd, Pat App. & IntT 1993). 
This teaching cannot come from Applicants' own specification. Id. 

In addition, the general rule of inherency is that it may be relied upon where and only 
where the consequences of following the references disclosure always inherently produces a 
result in the claimed invention. If there is not a reasonable certainty that the claimed subject 
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matter will necessarily result, the rejection fails. See, W.L. Gore Associates, Inc. v. GarlocK 
Inc., 220 U.S.P*Q. 303, 3 14 (Fed. Cir. 1983). Instead, "there must be a teaching or suggestion 
within the prior art to combine the particular elements as done by the inventor. Therefore, 
Applicants submit that Goodman et al. clearly does not anticipate claims 73-75, 88, 91 and 
99-100 because the prior art does not teach (1) a transgenic plant expressing a recombinant 
viral antigen protein; (2) whereby this protein is antigenic to a human or an animal following 
administration of this protein either in an isolated purified form or as an ingestible transgenic 
plant or plant component. Nor can it hint at expression levels as recited in claims 83-85. 

This reference can be clearly distinguished from the present application where a 
recombinant viral antigenic protein has been demonstrated to elicit an immune response when 
expressed in plant tissue and subsequently fed to animals to form antibodies. Goodman et al, 
provides a general disclosure of a means of expressing mammalian peptides in plant cells to 
achieve high yields which may be harvested (col. 1, line 41, lines 64-67). For example, die 
reference merely teaches the transformation of a dicotyledonous plant cell with a structural 
gene coding for an interferon whereby the interferon gene is expressed and harvested (col. 10, 
lines 39 and 50). The cited reference does not teach a specific means for expressing 
immunogen derived from a viral protein in a plant nor the administration of the claimed oral 
vaccine by consumption of the edible transgenic plant (page 7, specification). One skilled in 
the art would not expect membrane bound proteins as in the present invention, which are 
plagued with low expression levels, to be useful or determinable by Goodman et al. In fact, 
Goodman et al. at best contemplates the opposite, high production of recombinant mammalian 
proteins for harvesting only. Whereas the present application teaches expression of a viral 
protein which involves different mechanisms and concerns than expression of a mammalian 
protein in plants because a virus relies upon its host for proper expression and processing of 
the proteins produced. Goodman et al. does not discuss or teach how one might accomplish 
this result. 

Further Goodman et al. does not teach an antigenic response in animals upon oral 
administration of tissue obtained from the claimed invention's transgenic plants. Goodman et 
al. only teaches the production of mammalian proteins and harvesting of such proteins for 
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later "integration of the construct into the plant genome under conditions where cells can be 
used to produce plants" (col. 2, lines4-6). In contrast, the present invention clearly teaches the 
expression of viral derived iantigenic proteins in tomato plants, and the ability to elicit an 
immune response in an animal or human when ingested (page 24, specification). However, 
Goodman et al. merely teaches the transformation of tobacco with interferon whereby the 
interferon gene is expressed. Goodman et al. also does not teach the use of viral antigenic 
proteins expressed in transgenic plants or the use of the proteins as a vaccine to these same 
viruses or the administration of the vaccine to elicit an immune response. 

As disclosed in the Declaration submitted herewith, the expression of heterologous 
DNA expressed in plants is unpredictable for several reasons, including incomplete 
transcription of the gene due to premature transcription termination, unexpected mRNA 
processing during transcription, inefficient or incorrect splicing or polyadenylation of mRNA, 
instability of cytoplasmic mRNA, inefficient translation of the cytoplasmi c mRNA, or 
instability of the protein due to its acceptability to plant proteinases (paragraph 4, 
Declaration). Further, a plant's intracellular environment differs from the intracellular 
environment where the protein is normally expressed and may have a particular consequence 
of protein folding (paragraph 5, Declaration). This of course would have drastic effects on the 
ability of the protein to interact with antibodies to generate the appropriate immune response. 
As disclosed in the Declaration, Kenward et al observed that for example, a fish antigen 
protein expressed in a plant was shown to be completely unstable at normal temperatures 
(paragraph 5, Declaration). Further, as described in the Declaration, processing of 
heterologous protein products in plants may produce altered structure, 
miscompartmentalization, or extremely low yields. For example, TGEV is a glycosylated 
protein and folding after protein production must match an active form of the protein in order 
to provide the appropriate antibody interaction (paragraph 6, Declaration). Hepatitis B, 
TGEV, and other membrane proteins also exhibit difficulties in expression. For example, at 
paragraph 6 of the Declaration, expression levels of various heterologous proteins in Pichia 
pastoris are discussed. It can be seen that membrane proteins typically achieve only very low 
expression levels, as much as 1,000 times lower expression than tumor necrosis factor or 
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Tetanus toxin- However, Applicants teach what one skilled in the art did not think was 
possible and that is to achieve high expression of viral antigens in plants which enables one 
ordinarily skilled in the art;to then produce vaccines from edible transgenic plants thereby 
providing large human and animal populations an inexpensive and effective means of vaccine 
production and administration (pages6-7, specification). 

The Examiner has hot shown a teaching in the cited ait that the vectors and/or methods 
used in expressing mammalian proteins in transgenic plants could be used successfully with 
Applicants 9 specific viral proteins. Moreover, it s well known in the art that while viruses rely 
on their host for proper processing, mammalian proteins are not only chemically different but 
also have their own processing mechanisms. The only means by which one of ordinary skill 
in the art could obtain the recombinant animal viral antigen protein, vaccines, and transgenic 
plants of claims 73-75, 88, 91 and 99-100 is through the use of impermissible hindsight 
reconstruction. At most, Goodman et al. is an invitation for one skilled in the art to attempt to 
express viruses in plants. However, it does not teach one skilled in the art the appropriate 
vectors, promoters, mediums, infection procedures, etc. to obtain viral immunogens derived 
from a hepatitis virus in a plant that are capable of producing a vaccine without an undue 
amount of experimentation. Thus, Goodman et al. does not provide sufficient description to 
one skilled in the art to practice the Applicants' invention. 

In light of the above, Applicants submit that the present invention is clearly 
distinguished from and, therefore, not anticipated by Goodman et al. Applicants respectfully 
request reconsideration and withdrawal of the rejections to claims 73-75, 88, 91 and 99-100 
under 35 ILS.C. § 102(e). 

V. Double Patenting 

Claims 73-75, 83-85, 88, 91 and 98-100 stand rejected under the judicially created 
doctrine of obviousness-type double patenting as being unpatentable over claim 1 of U.S. 
Patent No. 5,612,487. Applicants are herein submitting a terminal disclaimer in compliance 
with 37 C.F.R. § 1.321(c), which disclaims any term of a patent issuing from this application 
which would extend beyond the term of U.S. Patent No. 5,612,487. Therefore, Applicants 
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submit that the claims are in proper form for allowance and respectfully request 
reconsideration and withdrawal of the obviousness-type double patenting rejection, 

VI. Conclusion 

In light of the above remarks, Applicants respectfully assert that claims 73-75, 83-85, 
88, 91 and 98-100 are now in condition for allowance. Applicants respectfully request 
reconsideration and withdrawal of the above rejections. 

A request for a one-month extension of time is being submitted in connection with this 
amendment; however, please consider this a request for any additional extension inadvertently 
omitted, and charge any additional fees to Deposit Account No. 26-0084. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment Hie attached page is captioned " Version with markings 

to show changes ma<fo" 

Reconsideration and allowance is respectfully requested 

Respectfully submitte 
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Application No. 09/767,734 

AMENDMENT —VERSION WITH MARKINGS 
TO SHOW CHANGES MADE 

In the Specification 

The paragraph at page 3, beginning at line 4, has been amended as follows: 

Various avirulent viruses have been used as vectors. The gene for hepatitis B surface 
antigen (HBs Ag) has been introduced into a gene non-essential for vaccinia replication. The 
resulting recombinant virus has elicited an immune response to the hepatitis B virus in test animals. 
Additionally, researchers have used attenuated bacterial cells for expressing hepatitis B antigen for 
oral immunization. Importantly, when whole cell attenuated Salmonella expressing recombinant 
hepatitis antigen were fed tomice, anti-viral T and B cell immune responses were observed. These 
responses were generated after a single oral immunization with the bacterial cells resulting in high- 
titers of the antibody. See, e.g., "Expression of hepatitis B virus antigens in attenuated Salmonella 
for oral immunization," F. Schodel andH- WillRes. Microbiol, 141:831-837 (1990). Others have 
had similar success with oral administration routes for recombinant hepatitis antigens. See, e.g., 
M.D. Lubeck et al. f "Immunogenic* ty and [e£5ciacv] efficacv testing in chimpanzees of an oral 
hepatitis B vaccine based on live recombinant adenovirus," Proc. Natl. Acad, Sci. 86:6763-6767 
(1989); S. Kuriyama, et al., "Enhancing efFects of oral adjuvants on anti-HBs responses induced by 
hepatitis B vaccine, 1 ' Clin. Exp. Immunol 72:383-389 (1988), 

The paragraph at page 5, beginning at line 1, has been amended as follows: 

Recent advances in genetic engineering have provided the requisite tools to tiansfoim plants 
to contain foreign genes. Plants that contain the transgene in all cells can then be regenerated and 
can transfer the transgene to their offspring in a Mendelian fashion. 4 Both 

[monocotyledenousj monocotvledonous and [dicotvledenous] dicotvledonous plants have been stably 
transformed. For example, tobacco, potato and tomato plants are but a few of the 
[dicotyledenousl dicotyledonous plants which have been transformed by cloning a gene which 
encodes the expression of 5-enolpymvyl^shikimate-3-phosphate synthase- 5 
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The paragraph at page 17, beginning at line 30, has been amended as follows: 

Since many edible plants used by humans for food or as components of animal feed are 
[dicotyledenous]dicotj1edonous plants, it is prefened to employ dicotyledons in the present 
invention, although monocotyledon transformation is also applicable especially in the production of 
certain grains useful for animal feed. 

The paragraph at page 1 8, beginning at line 1 8, has been amended as follows; 

There are various methods of introducing foreign genes into both 
[mnnncotvledenous] monocotvledonons and rdicotvledenousl dicotvledonous plants. 33 ' 34 The 
principle methods of causing stable integration of exogenous DNA into plant genomic DNA include 
the following approaches: 1) Agrobacterium - mediated gene transfer, 35, 36, 37,53 2) direct DNA 
uptake, 38 including methods for direct uptake of DNA into protoplasts, 8 DNA uptake induced by 
brief electric shock of plant cells, 41 ' 42 DNA injection into plant cells or tissues by particle 
bombardment, 39 ^ 6 by the use of micropipette systems, 43 ' 47 ' 48 or by the direct incubation of DNA 
with germinating pollen; 40 ' 49 or 3) the use of plant vims as gene vectors. 33, 51 

The paragraph at page 18, beginning at line 26, has been amended as follows: 

The Agrobacterium system includes the use of plasmid vectors that contain defined DNA 
segments that integrate into the plant genomic DNA. Methods of inoculation of the plant tissue 
vary depending upon the plant species and the Agrobacterium delivery system. A widely used 
approach is the leaf disc procedure which can be performed with any tissue explant that provides a 
good source for initiation of whole plant differentiation. 6 The Agrobacterium system is especially 
viable in the creation of transgenic [dicotyledenous]dicot^edonous plants. 

The paragraph at page 26, beginning at line 10, has been amended as follows: 

A, tumefaciens was cultured in 50 milliliters (50 ml) of YEP (yeast extract-peptone broth) 58 
containing two-tenths milligrams per milliliter (0.2 mg/ml) streptomycin until the optical density 
(O.D.) at 600 nanometers (nm) of the culture reaches about five tenths (0.5). The cells were then 
centrifuged at 2000 times gravity (2000XG) to obtain a bacterial cell pellet. The Agrobacterium 
pellet was resuspended in ten milliliters of ice cold one hundred fifty millimolar sodium chloride 
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(1 50mM NaCl 2 ). The cells were then centrifuged again at 2000XG and the resulting Agrobacterium 
pellet was resuspended in one milliliter (1 ml) of ice cold twenty millimolar calcium chloride 
(20mM CaCl 2 ). Five-tenths microgram (0.5 fig) of plasmid pHBlOl or plasmid pHBl02 was added 
to two tenths milliliters (0.2 :ml) of the calcium chloride suspension of A. tumefaciens cells in a one 
and five tenths milliliter (1 .5 ml) microcentrifuge tube and incubated on ice for sixty minutes. The 
plasmid pHBlOl or pHB102 DNA and A. tumefaciens cells mixture was frozen in liquid nitrogen 
for one minute, thawed in a twenty-eight degree Celsius (28°C) water bath, and then mixed with 
five volumes or 1 milliliter (1 ml) of YEP (yeast extract-peptone broth). The plasmid pHBlOl or 
pHB102 and A. tumefaciens mixture was then incubated at twenty-eight degrees Celsius (28°C) for 
four hours with gentle shaking. The mixture was plated on YEP (yeast extract-peptone broth) agar 
medium containing fifty micrograms per milliliter (50 jig/ml) kanamycin. Optimum drug 
concentration may differ depending upon the Agrobacterium strain in other experiments. The plates 
were incubated for three days at twenty-eight degrees Celsius (28°C) before selection of resultant 
colonies which contained the transformed Agrobacterium harboring the pHBlOl or the pHB102 
plasmids. These colonies were then transferred to five [millileters]milliliters (5 ml) of YEP (yeast 
extract-peptone broth) containing fifty micrograms per milliliter (50 ^ig/ml) of kanamycin for three 
days at twenty-eight degrees Celsius (28°Q. 

The paragraph at page 27, beginning at line 27, has been amended as follows: 

The regenerated kanamycin-resistant pHBlOl and pHB102 transformed tobacco plants were 
analyzed by hybridizing RNA samples with a 32 P [labelled]labeled probe encompassing the HBsAg 
gene coding region. 

The paragraph at page 28, beginning at line 12, has been amended as follows: 

Five micrograms of each RNA sample was denatured by incubation for fifteen minutes at 
sixty-five degrees Celsius (65°C) in twenty millimolar (20mM) MOPS (3-N-moipholino) 
propanesulfuric acid, pH 7.0; ten miUimoIar (10 mM) sodium acetate; one millimolar 
ethylenediaminetetraacetic acid (1 mM EDTA); six and one half percent (6.5% w/v) formaldehyde; 
fifty percent (50% v/v) foirnamide, and then fractionated by electrophoresis in one percent (1%) 
agarose gels. The nucleic acids were transferred to a nylon membrane by capillary blotting 59 for 
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sixteen hours in twenty-five; millimolar (25 mM) sodium phosphate, pH 6.5. Then the nucleic acids 
were crosslinked to the membrane by irradiation with [utIraviolet ]ultraviolet (OV) light and the 
membrane pretreated with hybridization buffer [twenty-five hundredths molar (.25M) sodium 
phosphate, pH 7.0; one millimolar ethylene diamine tetraacetic acid (ImM EDTA); seven percent 
(7%) sodium dodecyl sulfate (SDS)] for one hour at sixty-eight degrees Celsius (68°C). The 
membrane was probed with 10 6 counts per minute per milliliter (cpm/ml) 32 P-labelled random- 
primed DNA using a 700 base pair (bp) Bam HI-Acc I fragment from plasmid pKS-HBS which 
includes most of the coding region for HBsAg. Blots were hybridized at sixty-eight degrees Celsius 
(68°C) in hybridization buffer and washed twice for five hundred and fifteen minutes with forty 
millimolar (40 rnM) sodium phosphate, pH 7.0 per one millimolar ethylene dianrinetetraacetic acid 
(ImM EDTA) per five percent sodium dodecyl sulfate (5% SDS) at sixty-eight degrees Celsius 
(68°C) and exposed to X-OMAT AR film for twenty hours. 

The paragraph at page 31, beginning at line 17, has been amended as follows: 

Tomato, Lvcopersicom esculentum var. VFN8, was transformed as in Example EL B and C 
by the leaf disc method using Agrobacterium tumefaciens strain LBA4404 as a vector, McCormick 
et al., 1986, 23 A. tumefaciens cells harboring plasmid pHBl02, constructed as in Example II. A.2, 
which carries the HBsAg coding region fused to the tobacco etch virus untranslated leader, 
Carrington & Freed, 1990, 73 and the cauliflower mosaic virus 35S promoter, were used to infect 
cotyledon explants from seven day old seedlings. The explants were not preconditioned on feeder 
plates, but infected directly upon cutting, and co-cultivated in the absence of selection for two days, 
Explants were then transferred to medium B, McCormick et al., 1986, 23 containing five-tenths 
milligrams per [millilter]mmilit^ (0.5 mg/ml) carbenicillin and one-tenth milligram per milliliter 
(0. 1 mg/ml) kanamycin for selection of transformed callus. Shoots were rooted in MS medium 
containing one-tenth milligram per milliliter (0. 1 mg/ml) kanamycin but lacking hormones, and 
transplanted to soil and grown in a greenhouse. 

The paragraph at page 31, beginning at line 29, has been amended as follows: 

Several independent kanamycin-resistant callus lines were obtained after Agrobacterium- 
mediated transformation of the tomato variety VFN8. One of these lines regenerated shoots with 
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high [freguency] frequency and was rooted and grown in soil in the greenhouse. The tissues from 
these plants were used for the protein and RNA analyses. 



In the Claims 

Please amend claims 88, 91 and 98-100 as follows: 

88. (Twice Amended) 
The transgenic plant of claim 73, said plant comprising plant tissue, wherein the plant 
tissue, when orally administered to the animal a elicits an antigenic response. 

91. (Amended) 

The transgenic plant of claim 73 comprising plant tissue, wherein at least some of the 
plant tissue is edible by animals. 

98. (Twice Amended) 
A transgenic plant having plant tissue[>] wherein said plant tissue is expressing a 
recombinant protein, said protein expressed at a level such that when said plant tissue is orally 
administered to the animal, an immune response is elicited against an animal viral antigen. 



99. (Amended) 

A plant comprising a protein which triggers production of antibodies to hepatitis virus or 
transmissible gastroenteritis virus protein, said protein being a product produced by the method 
of: expressing said protein in a transgenic plant, said transgenic plant being in a form chosen 
from the group consisting of a whole plant, plant part, or a crude plant extract. 

100. (Amended) 

A plant comprising: a protein which triggers production of antibodies to a viral protein, 
said protein being a product produced by the method of: expressing said protein in a transgenic 
plant, said transgenic plant- being in a form chosen from the group consisting of a whole plant, 
plant part, or a crude plant extract. 
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Expression of Immunogenic Glycoprotein S Polypeptides from Transmissiblo 
Gastroenteritis Coronavirus in Transgenic Plants 

IM. G6rnez/ C. Carrillo.t J, Salinas.* P. Parra,§ M. V Gorca.1 and J. M. Escribano' 1 
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Tno u«c erf irartsoenic plants as vaccina prq^uocion syotcma ** 9 describe recently, w rcpoit on tr-o immunologtcaf 
ST c ^^t^r«ocmblntintver a lon fi of the glycoprotein SftMtamrtM^ns nHstiUt Ba«rftert«w.cor*n.S w 
(ion) le^nsMtf ^ truMosnto plants. ArMopotio plants w*r* c^toliy Winston™* with eaNAa cortitruota one*™ 
enter *. Niermfntf dcmo.n (amino ccitf nuirfuee 1-750) or the lulHongih flfycoprcuin s of TGEV, response for <ha 
^utfolrzing antfbotfy faduofervoeiriMt the vtn* under in* centra of tno cauliflower mosaic Hnxs 3SS <C*MV3$8) prarnotttr 

c ear***, as we« « theft- wrucripto. Expression of recombinant p<*p«p£f« wcrw owSd iS 

meer c»»Km ptati by €lJSA u 5 ln* fptcftie tmbodit* Mica immunize wPth (oat ^xiraSs from tra^cn^X* 
developed 4nM*<7H»6 Mt flMM «pet*ic<% wltn TGEV In EUSA, ^nopredpttited <ha v^s-iftduced protoln and 

Il^ f ^! a J!! & ^ rU !L! nfCC !l V,V ftWl re$Wta< W6 ""^ mat W ptama casing flvooprotcln S polipcp- 
iltfes may possibly be us«d »* a souroe or recombinant amfeon for vaccina pntfuctoa * tew 



INTRODUCTION 

Swine-irafrsmisslble gastroenteritis virus (TGEV) is the 
causative agent of ecute diarrhea of newborn piglets tha; 
provokes high morrafity ra:es m offecieci farms. Pr^toc- 
live Immunity against this disease' musx be developed in 
pregnant sows to confer passive protection to trie oigiots 
through colostrum ond milt Neutralizing antibodies 
egeinst tne virus ere directs mainly to giswprorefn 5 
[Garwos era/., 1978; Jimenez et a/., isee), end relevant 
epitopes in neutralization have boen mapped Into the 
N-tomninel domain of this pnotctn (Correa er al, 1988). 
Four moior antigenic snes have been describeci in gly- 
coprotein s r o1 which site A is the Immunodominant (Oe 
Diego ct oi t 1992; Defmes 9t 3/, 1990; SSnchez et $A, 
1990). Qlycopfcytein S from TGEV has been expressed 
ugin^ different vectors with tropisrn that favored anti- 
$enio presemotion in the mucoSBl'Surt8C05 (^nerdou ex 
oL, 1996; Torres m oL 1595). These vecdnailon ap- 
proaches promoted systemic and mucosal antibody in- 
duction end. In the case of adenovirus vector, conterred 
promotion to suckling pfglets (Torres or aL 1896). 

The development of gonetlc transformation technology 
In piants h^s- made possiWe the expression of foreign 
Genes in different plant species, making reasonable the 
idea of using plants as bioreaaors to produce r$combN 
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nanc proteins. The concept of vaccine produciion in 
transgenic plants was first introduced by Mason $t aL in 
19S?. Proleins involved in protective immune response 
can be produced at a low cost and easily purified from 
pleni extracts fcr parental inocuituion. In addition, oral 
immunization py edible vaccines produced in transgenic 
plants coutf admuiete immune responses ai the ponal 
entrance of many pathogons, facBitaung tho dest' of 
large-SDale immuni^iion programs. The presen. of 
specific antigens Into plants, even at low levels, can 
raise by tho oral route Immune reactions comparable n 
those raised by conventional vaccinas [Haq et aL 1995; 
Mason era/., 1996). 

Hepatitis B surface antigen (Thanavala et el u 1995), 
Escnerictte coil heat-labile enterotoxln (LT-8) antigen 
(Hsq et si., 1995; Tacket et $L 1998), Morwalk virus 
capaid protein (Mason ef a/, 1996), VP1 amigen fr^ foot . 
and mouth disease vtrus (Corniio er ai u 1998), an. Chol- 
era toxin B subunlt (Arokawa el ©A, 1993) are the vaccina 
antigens expreasod In transgenic plants and tested for 
tho immune response elicited in Immunised animals' 
Additionally, rabies virus glycoproie'm was expressed ffl , 
transgenic tomatoes, but the immune response Induced 
by administration of these plants to animals was not 
tested (McGarvey ct al ( 1995), In We present stu<& «• 
investigated the reasibihty of expressing the glycoprotein 
S from TGEV In transgenic plants, as well as th< Mniige- 
nicity and Jmmunogenicity of the planT^derrved protaik . 
The S protein Is an excellent model for developing ct$ 
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vaccines against enteric pathogens of mammals be- 
cause of Its immunogeniclty and resistance to degrada- 
tion In the gut. 

RESULTS 

Plaarnid construction and selection of transgenic 
plants 

Tne binary pRoK i and pRoK II recombinant plasmlds 
(Fig. 0, carrying a cDNA oodfng for the N-termlnal region 
or the full-length glycoprotein S respectively, were ob- 
tained oy flubcloning the corresponding sequences from 
previous^ obtained constructs. Recombinant pRoK pias- 
mids allow selection of transformants on media contain- 
ing kanomycin and stable integration into nuclear chro- 
mosomal DNA from theplont. pRolt uses the cauliflower 
mosaic virus 35$ (CaMW 35S) promoter for nominally 
constitutive transcription of the cloned gene?. 

Plant transformation with pRoK I and If was carried out 
as described in Materials and Methods by Agmtoacte- 
rium tumcfoclens-mcdi&tea transformation. The van* 
genlc plants resistant to the selective medium appeared 
similar in morphology to The nontransgenic oraoidopsis 
plants, More than 20 different lines of transiorrnania 
containing each construct were obtained end self-polli- 
nated to obtain F2 lines. All lines were positive when 
screened for the presence of the recombinant genes by 
polymerase chain reaction (PCR) analysis |pfg. 2A). 

Most plants harboring recombinant genes showed 
specific transcription oi foreign genes by reverse tran- 
scription (RT)-f>CR analysis (Fig. 2B). To rule out the 
possibility ol amplification of contaminant DNA se- 
quences present In the RNA preparations, we treated the 
purified RMA with ribonucleic before foreign gone am- 
plification by using Taq polymerase. No amplified DNA 
fragments woro detectable under these conditions, as- 
sessing the ANA dependence of the reaction (Fig. 2B). 

Recombinant protein expression In transgenic Plants 

The presence f the recombinant polypeptides in the 
Plants harboring and expressing theforeign gen s was 



investigated in rour plants of each construct selected to 
be analyzed by EUSA and Western Molting using 8 n 
ant^-TGEV polyclonal scrum. Results demonstrated that 
leaf extraas from ell selected plants were positive on 
ELI5A (Fig. 3). However, no specific reaction on Western 
blowing was detected in any of the plant extracts ana- 
lyzed (data not shown), probacy due to the low level* of 
recombinant protein expression and to the conforma- 
tional nature of most of the immunodominant epitopes 
present m this protein. 

From a titration £USA using different virus dilutions 
and a monospecific antf-glycoprotem S antibody, we 
found that -30-60 *tg of soluble leaf protein contains a 
glycoprotein S antigenic mass equivalent to that con- 
tained in O.02 /tg of purified TGEV. The percencagc of the 
total soigblg protein corresponding ro recombinant gly- 
coprotein S polypeptides accumulated In the (eaves of 
araoldopsjs transformants could represent 0.0e-0.03V* of 
the totel soluble leaf proiein. 



MI234567U9C 



-UKt> 




(RNAk*) 



Fte 2. Ch *acTtttatien of trttiwgoi vo plana u*natorin#rf with pHoK 
l (T-i). pRoK II <$-$). or tA&K 2 (9) plasmlds. (A) Presowo Of th« 
reewnbinorit $$nw In repmsentatvo transgenic orebidapife pioms 
detect by PC* a control ompfllicadon of tn* e«me DNA froom^n, 
™ m P&°* 8. CB) Fofoffln oe«e imnsoipuon o ropreecni*rivo trans- 
form^ pious analyzed toy flTf-PCft, Somplet* ware treated or not whh 
RMw to e$50W lh» DNA apoatoty of tfic /mcw* 0, wmc analy* 
<«• In crabldgps's pbms transformed with zKcK 2 pteamrf, 



Received from < 5152881338 > a! 9120/02 12:34:56 PM [Eastern Daylight Time] 



09/20/02 FRI 10:42 FAX 5152S31338 

. DEC-15-1998 TUE 11:15 AM 



MCKEE VOORHEES & SEASE 

FAX NO, 



@025 



P. 11/15 



3i4 



06tMZ ET al 




AG. 3. Dcieerion of N-tcrminai (1-4) 9 no kdl-length (5 6) oiycoprp- 
;em S polypeptides In protein exrrocu from vanpgenta plsrn leaves oy 
EL ISA. Tna figure eiicwa ih« mean r SC d flvs a&soibunce readings 
obtained m three mocpenagnt c*wy* Pewits ccrr-Toi t$ purified vrru$ 
(TGEV/. and ne^lve control 13 a Dtarw uanctorrttOd wr^h pRpK 2 plac- 
ed Wtktfop&'a\ 



Antibody induction by plant-derived recombinant 
proteins 

Leaf extracts (rem transgenic plants expressing the 
N-ierminai (plants W) or full-length glycoprotein S 
(plans were used to immunize mice. A control 
mouse was immunized with a leaf extract from a plant 
transformed with pRok2 plasmld. After three Immuniza- 
tion doses, the specificity of mice sere was tested by an 
EUS* using purified TGEV as antigen. Figure 4A shows 
mat an sors rceaed witn the virus showing, es expected, 
different tilers. A kinelic of cirHibcoV induction in en im- 
munized mouse (number 3) was studied by immunopre- 
cipitation of glycoprotein S induced by TGEV In Infected 
3T celts. This mouse serum imnunopreclpitated specif- 
ically the virus protein alter iwo immunizations (Fig. 4B). 

Finally, sere from all immunized mice were tested In a 
TQcV neutralization assay. Both glycoprotein S polypep- 
tides produced in transgenic plants eliohed vims-neutreK 
izing antibodies (neutralisation indexes of 2.2-3.$; Fig. 
4C)> Serum from a nonimmunized mouse (not shown) or 
from the mouse immunized with the plant transformed 
with pRoK 2 plasmid did not show virus neutralization 
activity (Fig. 4C|. 

DISCUSSION 

In this report, we 9how thar lull-length or the globular 
pan (N-termfnai domain) of TGEV spike protein (glyco- 
protein S) expressed in transgenic plama retained tho 
antigenic properties end cfToited neutralising anybodies 
when used to immunize animals. Expression in oukary- 
otic hosts is required for antigenic determinants that are 
dependent on grycosylatfon Of the'three major antigenic 
a»ies defined on glycoprotein S Involved In the Induction 
of TGCV-neuualizIng antibodies, sites A and 8 are com- 
plex, conformational, and glycosytetion dependent. Sito 



0 C30 be represented by synthetic peplides, although 
glycosylate has a minor ellect on its conforrnalion 
(Gebauer er a'., 1991). Several Genetically engineered 
vaccines using prokaryotic vectors hove failed against 
TGEV Glycoprotein S expressed at nigh levels in £scft- 
erichfy cotf end used to Jn^euiate animals did not induce 
neutralizing antibodies or comer protection In vivo (Hu er 
aL 1987). 

Plant cells present differences in protein gtycosyiation 
with respect to animal cells that could determine the lose 
of antigenic determinants in antigens expressed in trans- 
genic plants. Glycosylate in plants may differ in the 
extent of glycosylation, processing, or both of relinked 
oligosaccharide side chains (Faye er BL t 1993). Further- 
more, the complex gfycans of plants arc often smaller 
than those of animals, in pan due to the absence of sialic 
acid (Faye er si, 1993). The only precedent Of a glyco- 
protein expressed in plants Tor vaccine development is 
the glycoprotein G of rabies virus (McGarveyera/.. 199SX 
This protein expressed in tomato plants showed a mo- 
lecular mass ~4 end -6 kDa less tnan that Obtained 
from virus-infected oells but 9iilt iargcr than the protein 
size predicted for the ungryoosyfated polypeptide chair 
(McGarvey ct aL 1995). The molecular mass of glyco- 
protein S expressed \c\Arabidop$l$ thsflana could not be 
determined because we were not able to detect the 
recombinant protein on Western blotting. However, anti- 
genic determinants wtih strong dependence ol gfyccsyl- 
atton seem to be prosorved beoause the plant-derived 
antigens induced neutralizing antibodies In immunized 
animals, indicating that critical antigenic sues ere at 
least in pan correctly glycosylated in plants, 

This work demonstrates the feasibility of expressing 
glycoprotefn S polypeptides in pisota. Because the 
site of insoftion of the transferred ONA into the callular 
chromosomal ONA is random, different levels of pro- 
rein expression in independent uansformants are ex- 
pected, We obtained expression levels similar to thai 
described with equivalent constructs expre99ing hep- 
atitis 8 surface antigen or rabies virus glycoprotein 
(Meson er aL 1992: McGafvey ei aL 1995). Morr 
recently, expression levels of Norwalk virus cep$ie 
protein in tobacco have been shown to be higher than 
the above mentioned antigens (up to of total 
soluble protein; Mason er »L 1996), We have not found 
significant differences In foreign antigen plant expres- 
sion between the two forms of glycoprotein 3 studied. 
The use of different promoters, the use of plant-de- 
rived leader sequences and signal peptides, and 
mainly the modification of the codon usage of thi • 
protein could improve expression Jo vols In plants. 

The demonstration that many proteins from patho- 
gens, including some expressed in transgenic plants 
(Hoq er ol 1995; Mason er ql 1996), ere immunogenic 
When administered orally, encourages the study of oiner 
antigens expressed In plants to develop edible vaccine 9. 
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^Glycoprotein S from TGSV is an Intefcsting model be- 
cause this proton is resistant, at least when. Incorpo- 
rated into the viral partJcle, to gut degradation. In addi- 
tion, the protects© Immune responses against TGEV 
have to be stimulated a: the mucosal surfaces lo induce 
Secretory and lactogenic Immunity (De Dlcgoara/., 1992, 
1393; Saff and &cnj, 1979; Wesley et eh. 1988). Once wc 
have aetermined the feasibility of expressing immuno- 
logical active polypeptides from TEGV glycoprotein 3 In 
planis, studies on the Immune response of plant-derived 
glycoprotein S polypeptides in pigs ere necessary. 

MATERIALS AND METHODS 

Plant material and growth conditions 

Seeds QlAtfbtcbpsis thaliano (Heynh, ecotype Colum- 
bia) were sown in nets confining a mixture of universal 
substrate end vermtauiiio (3*1). To Synchronize germina- 
tion, pois were placed at 4°C for 48 h In darkness and 
then transferred to a growth chamber et 20*C with a 16«h 
phoioporiod. Irrigation was carried out with distilled wa* 
ter and, occasionally, with e mineral nutrient solution 
(Hsugnn er ef. t 1996). 



Production of transgenic Arab/dopsis 

A 2250-pb oDNA fragment (nucleotides 1-2250; 
fragment I) and a 434*- pD cDNa fragment (nucleotides 
1-4344; fragment ii) encoding for the N-terminel and 
full-length glycoprotein S from TGEV Purdue strain, 
'oapeciively. vvere amplified by RT-PCR Trom viral RNA 
ond cloned into pBeePAJG plasmld (Clontoch). The RT 
orimers used were 5''CCCAACTATGGTACCATCAAT 
AACAGc-3' {complementary primer to nucleotides 
2^ S"22S0 ) and S '-CG CG GG ATCCTTAATG G AC QTO • 
CACi 1 1 1 iC-3' (complementary primer to nucleotides 
4313*4344). Then, the cDNA was synthesized by using 
the primer 5 r -GCQCGGATCCATGAAAAACTAT I TGT- 
GG-3'. Subsequently, DNA fragments I and II were 
subdoned in the binary pRoK2 plssmid (Baulcombo et 
t»L 1985) under tho control of the CaMW 35S promoter, 
yield-no tSe recombinant plasmlds pRoK I end pRoK II, 
respectively (Fig. 1). 

Piesmide pRoK J end pRoK II were used for arobi- 
dopsls plant transformation as described elsewhere 
(eechtoid C f a/., 1993) with slight modifications, A 
lumcfecteAs (C58C1 strain) containing pRoK I or pRoK 
» piasmids was grown in 600 ml of LB medium con- 
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teming 50 M g/mi kanamycin until an OD 000 value of 2 
was reached. Alter cennifuoauon, bacieria were re- 
suspended in 200 mf of 2.35 g/f Mura3hige and Skoog 
medium containing }Q g/| G-bendlaminopyrine ana s% 
sucrose. The 6-7-week-old plants were immersed in 
the A tumefaciens suspension by inversion ol ihe 
pots, and vacuum infiltration was performed »n a vac- 
uum chamber ei 50 mb lor 15 min. Inflicted ptoms 
were ringed wlih water and placed in ihe greenhouse 
until attaining maturity, Transgenic Tl seeds were se- 
lected by germination in Petri dishes containing GM 
[4.7 9/1 Murashige and Skoog. 1% sucrose, 0.5 p/j 
S-t/V-moiphonnoJethanesL'Ifonic aclo (MES). 8 g/l agar. 
pH 5.7} and 50 /ig/ml kanamycin. Two-week-old trans- 
genic plants were transplanter* into soil and allowed to 
attain maturity, Tho plants were self-poilinatod to ob- 
tain T2 plants And used for further analysis. 

PCR and RT-PCR analyses 

The presence of the foreign cDMA sequences in gen- 
erated transgenic erebldopsis was detected by PCR, 
Piani extracts wore prepared by macerating (eaves (-10 
mg) with pestle end mortar In 300 p\ of a buffer contain* 
ing 200 mM Trts-HCi, pH 8.5. 250 mM NaCI, 25 mM 
ECHA, and 0.5% SDS. The resulting extract was mixed 
With t50 fil cf 3 M CH 3 COONe, pH 5,2. and tnoubstedfor 
10 min at -20 W C. Then, samples were centrifuged. and 
ths DNA contained in the supernatam was precipitated 
and resuspended in 30 /*! of TE buffer, PCR was per- 
formed on 0.5 /ug of DNA whh a. pair of primers thai ■ 
specifically amplify 3 1389-bp fragment of the glycopro- 
tein S gone (sanse primer, 5'-GCGC(3GATCCATGAA- 
AAACTATTTGTGG-3 , : amisense primer. 5'-GCQCGG- 
7ACCCGATGTG AAG CTATTG -3 

Glycoprotein S mRNA in transgenic plants was an- 
alyzed by RT-PCR Totcl RNA from the leaves of trans- 
formed plants was isolated using \he Fast RNA kh (BIO 
101) according to the mangfectur er'e Instructions. RNA 
was treated with 10 units of DNase-ftNese free fRGi; 
Promegs) during 15 min at 37'C. Then, 1 hq of total 
MA was diluted in 4 ^tl ot PJ buffer [250 mMTrta-KCl, 
pH 8.3, 16 mM MgCl„ S75 mM KCi. and 10 mM dithlr> 
thrcltoi (DTT)} containing 0.5 mM concentration of 
eeoh dNTP (Pharmacia). 10 unite of RNaefn (RNase 
inhibitor, human placenta; 8oenringer-Mannheimh 200 
units of revaree transcriptase (Moloney murine leuke* 
mia virus RT: GIBCO 8RL), and 100 pM conceniration 
0T Ihe amisense primer (5'*GCGCGGTACCAAAC- 
CAAGGTTGTAGAG-3 ') in a final volume Of 20 ^ The 
mixture was incubated for 1 h et 37°C. Dcnatunatlcn of 
RNA-cDNA hybrids and Inaction of the reveree 
transcriptase were done by bating the reection for 6 
min. To the RT mixture, we added 50 pM concentration 
of (ho above mentioned sense primer and S unite of 
Taq DNA polymerase (GIBCO BRL). This reaction epe- 
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cificaily amplifies a i97^p fragment of the glycopro- 
te.n s gene. Treatments of purified ana samples with 
RNase (Promega) were carried out wiih 10 units of the 
enzyme for 15 min at 20°C. 

Oetectfon of glycoproteins In transgenic plants 

Proteins from leaves were obtained by homogeniza- 
ticn of leaves in a blender with liquid nitrogen, and the 
resuming powder was rssuspendeo" in buffer (0 3 g of 
fresh wt/ml) containing 10 mM M£& pH 6, iq mM NaCi 
6 rnM GDTA, 0.6fc Triton X-10O, 0.25 M sucrose. 0.15 mM 
spermine, 0-5 mM spermidine, 10 mM O'l r, and 1 mM 
pher.yimcthyfsulfonyl Tiuoridc. The extract was filtered 
find centrifuge* 10 min et 12.000 o, and the resulting 
supernatant was used for glycoprotain S polypeptides 
expression analyses. 

EUSA plates were coated with too *d no u.g/rnl of 
PBS) of a mixture of two monoclonal antibodies, 5AC3 
and SDH8 (kindly provided by Dr, L Enjuaocs, Centra 
Mscfonal da B/orechnologle, CSlC, Spain), recognizing 
the antigenic sites A and D or The glycoprotein S, respec- 
tively (Corrce er 1988). Antibodies were incubated for 
n h at 4*c 4 end then pmtes were washed and blocked 
1 h et 37°C with 6% fetal bovine serum in P8S containing 
0.05% Tween 20. After washing the plates, Icef praielna 
from transgenic plants (15 fcg ol total soluble protein per 
well, diluled In £gn oJ PB s, pH 7), coniaining fuil-length 
or the N-terminal domain of glycoprotein S, were added 
to react with the previously adsorbed antibodies In the 
microliter EUSA plates during 12 h at 4*C. Plates were 
then washed six times with 0.05% Tween 20 in PBS. and 
:00 fi\ of rabbit enti-S protein, obtained after tnree im- 
munisation doses with the cecuiovirus-expresscd M-ier* 
mlnai fragment of glycoprotein S and diluted ar 1.100 in 
P3S containing 0*05% Tween 20, was added per well and 
lefi 10 react for 1 h at 37 g C. Rates were washed again six 
limes with PBS-Tween 20 buffer, and immunocomploxos 
were incubated with Protein A-peroxidase (Sigma) di- 
luted MOQQ in PBS-Tween 20 for 1 h et 37*C. Finally, 
plates were washed again, and 2Q0 Ml of s freshly pre 
pared solution oi c^phenylenediomme dlhydrochlorid* 
(Sigma) and was added. Reactions were stopped 
with 2 N H 2 SO^. and the abeorbance was measured at 
492 nm. 

induction of ontl-giycoproleln 8 antibodies 

BAL&Vo mloe (one per arabidopsis pianU were Immu- 
nteed intramuscularly on days 0, 15, end 30 with leaf 
extract in PBS (40 ug of total protein per animal pe'' 
injection) in complete Freunr/s adjuvant for the first lr. 
oculatton end to incomplete adjuvant for the others. 

Mice sora were evaluated tor anthgfycoproicin S-spe- 
cific antibodies by EUSA using purified TGEV as antleen- 
Coated EUSA plaios with 100 ^1 of P8S. pi | 7A, contain- 
ing 0.2 >*g of virus were Clocked as described above with 
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594 teioi bovine serum, and after washing cf (he plates six 
Times, sera diluted 1*10 in PBS-Tween 20 were arjeted 
(100 id per well) and Incubated for \ h at 3/°C. Then, 
pi.Ttes were washed again to* remove unbound antibod- 
. i t and goat end-mouse antibodies (ti500j were added 
to reveal irnmunocompiexes. After being .washed and 
developed with o^henyfenediamino ^hydrochloride sub- 
strate as described above, reaction was siopped with Z 
M H5jS0 4 . cod plates were read at 492 nro. 
Imrnunoprecipitation of glycoprotein S by eera Irom a 



CiOn ana compEemcnT m erf fated phcaocyics;*. / ttnmuAot, Methods 
j 195. US- 13c. 

ytarrilia C, Wig^p/ovnz, A,, Oltoroi, J (1. ZaffwirnG. P- Swrtf. A. M.. 
Gwnec. U.. Salinas. Sscnbono. J. M, jna eorca, V, O960)' 
Proactive jmmyno rosponsa to tooi-ami'incKitrt Oisoaso vfcvs win 
/ VFM expressed in xrsnsoemc ptanie,/ Wo/. 7?, isaa-tago, 
VCorrea, t. Jtartrwu. <3.. Suftft. C.,>/frid0. W.;,snd En|gjnoc. L (1383). 
AnUs«fi'c sTuczuro of ea-glycoprotein of tnmanrvsaiOia oa r -(.*oentcr- 
/ itis coronavirus, V7ntf fle* lo, 77-S-4. 
yb* Dtego. IsvtadJ, M. O , Snjuanc* u, and Esentwt* J, M. 0992}. 
Epitope apftctficlry cf protective lactogenic immunity against b -wne 



mouse afcer afferent (mmunlttiion dose, was carried^* d*** m., Rcdr.^ f.. Atea« cl «i 5 i /E> c ™ 
out essentially as previously described for mouse anti* v r e«rit»A©.j. uOgB^Xh^er.o^onoixh^fgAancrWiijssioC 



bodies (Bullido et a/., 1996). Briefly, ST cells infected with 
~3iEy (m.oj. 5} were incubated for 14 h. pglse labeied for 
^ h with 200 itCi/mi of "S-methionine (300 Cf/mmcl; 
Amersham International, Amershem, Engtend)/ml. end 
lysed with lysis buffer {\q n\M Trls-MC). 15C mM NaCI, 1 
mM EDTA, 1% Nonidet fMO. pH.7.4. 1 mg/mt bovine 
soaim albumin, end 7 mM phenylmethylsulfonyi fluoride). 
The lysate (10* cpm) was incubotodwixh a control mouse 
serum (16 /xi) for \ h and preoieared with a 25% (v/v) 
fiuspcralon of Protein G-Sepharcse (Pharmacia. Swe- 
den) In lysia bufror. The pfGcleared 35 S-labeled cell ex- 
tract W83 incubated with mice sera (15 for 2 h at 4°C, 
and immunocompltaxes wsre Incubated with 25% sus- 
pension ot Protein G-Sepharoae for i h with Gentle 
mixing. Bead3 were washod three times with lysis buffer 
and boiled In SDS-ciectrophoresis buffer. The antigen- 
antibody complexes wer$ analyzed in 75% 5DS-PAGE. 

A ploque reduction assay wilh sere from immunized 
mice was performed a? described previously (Jimenez et 
*L 1SB6). The nojtraJIzatlon index o? each serum was 
expressed as the log^ of tno ratio of the pfu/ml of virus 
obtained using a normal serum and that observed in the 
presence of a o>en ertti-glycoproiein S mguso scrum. 
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ABSTRACT Tobacco plants were genetically transformed 
with the geoe encoding hepatitis B surface antigen (HBsAg) 
linked to a nominally constitutive promoter. Enzyme-Linked 
immunoassays using a monoclonal antibody directed against 
human serum-derived HBsAg re veal edi the presence of HBsAg 
id extracts of transformed leaves at levels that correlated with 
mRNA abundance. This suggests that there were no major 
inherent limitation* of transcription or translation of this 
foreign gene in plants. Recombinant HBsAg was purified from 
transgenic plants by immunoafflnity chromatography and ex- 
amined by electron microscopy. Spherical particles with an 
average diameter of 22 tun were observed in negatively stained 
preparations. Sedimentation of transgenic plant extracts In 
sucrose and cesium chloride density gradient* Showed that the 
recombinant HBsAg and human semm*derived HBsAg bad 
similar physical properties. Because the HBsAg produced in 
transgenic plants Is antlgenieally and physically similar to the 
HBsAg particles derived from human serum and recombinant 
yeast, which are used as vaccines, we conclude that transgenic 
plants hold promise as low-cost vaccine production systems. 

Hepatitis B virus infection is one of the moat widespread viral 
infections of humans and causes acute and chronic hepatitis 
and hepatocellular carcinoma (1). The Infectious viral particle 
(Dane particle) is a 43-nm double-shelled sphere that consists 
of a core containing the 3.2-kilobase (kb) DNA genome 
bound to the core protein, surrounded by the viral envelope 
containing phospholipids and the major surface antigen [hep- 
atite B surface antigen (HBsAg)] (2). In addition to Dane 
particles, the serum of infected individuals also contains 
22-nm subviral particles in great excess over virions. These 
noninfectious particles contain the elements of the viral 
envelope, including the major 24-kDa. peptide that occurs in 
glycosylated and unglycosylated forms (2). 

Because the host range of hepatitis B virus is limited to 
humans and chimpanzees, and since the virus cannot be 
propagated in cell culture, HBsAg for use in vaccines was 
purified from the serum of infected individuals until a recom- 
binant form (rHBsAg) was produced in yeast (3). The immu- 
nogenic yeast-derived rHBsAg occurs in the form of spher- 
ical particles with an average diameter of 17 oov Integration 
of the peptides into the phosphoHpid-containing particles 
greatly enhances their immunogenic properties (4), Subse- 
quent work showed that the peptides present in the yeast- 
derived particles were much less extensively disulfide-linked 
than in the human material but that such linking could be 
induced in vitro (5). 

Intramuscular injection of serum-derived HBsAg or yeast- 
derived rHBsAg in healthy individuals results in effective 
immunization and protection from viral infection (6, 7). In 
many areas of the developing world, however, the expense of 
immunization programs for large segments of the population 

The publication costs of this article were defrayed in part by page charge 
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is prohibitive. This has led us to attempt the expression of 
rHBsAg in plants with the hope of developing a less expen- 
sive production system. Further, we hope to find a way to 
present the rHBsAg in edible plant tissues in a form that 
would be useful as an oral vaccine. In this paper we describe 
the transformation of tobacco with the gene encoding HBsAg 
and its expression in leaf tissue in the form of an antigenic 
spherical particle with an average diameter of 22 nm. This 
plant-derived rHBsAg is directly analogous to the rHBsAg 
from yeast that is now used for commercial vaccines. We 
view this as a successful first step in a long-term project 
dedicated to developing technologies for low cost "edible 
vaccines" for the developing world. 

MATERIALS AND METHODS 

Construction of Plasmids for Plant Transformation. The 
HBsAg coding region on the Pst \/HUtdlU fragment from 
pMT-SA (kindly provided by Li-he Guo, Chinese Academy 
of Sciences) was subcloned into pBluescript KS (Stratagene) 
to form pKS-HBS. The HBsAg gene in pKS-HBS was 
opened 116 base pairs (bp) 3' to the termination codon with 
BsiBl and the resulti ng en ds were blunted by filling with 
Klcnow enzyme and dCTP/dGTP. The entire coding region 
was then excised 16 bp upstream of the Pst I site with BamKl. 
pBU21 (ref. 8; obtained from Clontech) was digested with 
Sac I and the ends were blunted with mung bean nuclease. 
The GUS coding region was then released with BarriHl and 
the vector was isolated. The HBsAg coding fragment was 
ligated into the GUS-less pBI121 to yield pHBlOl (Fig. 1), 
where its expression is driven by the cauliflower mosaic virus 
(CaMV) promoter derived from pBU21. 

The CaMV 35S promoter with duplicated enhancer linked 
to the tobacco etch virus (TEV) 5' nontranslated leader 
sequence, which acts as a translation^ enhancer (9), was 
excised from pRTL2-GUS (10) as follows. pRTL2-GUS was 
digested with Nco I and the ends were blunted with mung 
bean nuclease. The promoter-leader fragment was then re- 
leased by digestion with //mdlll. pHBlOl was digested with 
//mdlll and Sma I to release the 35S promoter fragment, and 
the vector was purified. The promoter-leader fragment was 
then ligated into the ffin6JU/Sma I -digested pHBlOl to yield 
PHB102 (Fig. 1). The HBsAg coding region lies upstream of 
the nopaline synthase terminator in both constructs. The 
plasmids contain the left and right border regions, which 
denote the limits of the DNA thai is integrated into the plant 
genomic DNA via Agrobacterium 'ume/acievu-mediated 
transformation, as well as the neomycin phosphotransferase 
gene, which allows selection with kanamycin. 

Plant Transformation. Agrobacterium strain LBA4404 
cells were transformed by the direct method (11) with the 
plasmids prepared from Escherichia colt clones, and the 

Abbreviations: CaMV, cauliflower mosaic virus; HfiaAg, hepatitis B 
surface antigen; rHBsAg, recombinant HBsAg; TEV, tobacco etch 
virus. 
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Fiq. 1 Structure of plasmids pHBlOl and pHB10(2. The constntcta carry the left and right borders (LB, RB) of the transferred DNA thai 

^ft* ^nucpNAvk^^mom^iated tiWcrmatioo. The^s Ageing 
region ues downstream of tbe CaMV 35S promoter to pHBlW and is followed by the nopaline synthase (NOS) terminator. In pHBIoST tbelSS 
£™ otc ! Lrt^r b // B ,1K ^ ^ * ro ? noler «^ing a duplicated tiEE**^^ 

^translated leader (TL>. Restriction endonuctease cleavage sites arc indicated. Bhim^nded ligation has removed the Neo I site at tbe 3' end 
of the wader sequence. 



structure of the plasmids was verified by restriction diges- 
tion. Tobacco {Sicotiaha tabacum cv. Samsun) was trans- 
formed by cocultivating leaf discs (12) with Agrobacterium 
strains transformed with pHBlOl or pHB102. Shoots were 
generated from transformed callus selected on medium con- 
taining 0.2 mg of kanamycia per ml and 0.2 mg of cefotaxime 
per ml. Shoots were rooted in medium containing 0. 1 mg of 
fcanamycm per ml, transplanted to soil, and watered with 
one-half strength Hoagland medium. 

Analysis of RNA from Transformed Tobacco. Total UNA 
from leaves of plants transformed with pHBlOl was isolated 
as described (13). The RNA was denatured with formalde- 
hyde, fractionated on 1% agarose gdsi(5 jig per lane), blotted 
to nylon, and probed with 31 P-labele4 random-primed DNA 
using a 7004> P BamHl/Acc I fragment from pKS-HBS that 
includes most of the coding region for HBsAg. Blots were 
hybridized at 68"C in 0.25 M sodium phosphate, pH 7.0/1 mM 
EDTA/7% SDS, washed with 40 mM sodium phosphate, pH 
7.0/5% SDS at 68*C, and exposed toX-Omat AR film for 4 
hr. 

Analysis of Protein from Transformed Tobacco. Protein was 
extracted from loaf tissues by homogenizarion with a Ten- 
Broek ground glass homogenizer (clearance, 0.15 mm) in 5 
volumes of buffer coataining 20 mM sodium phosphate (pH 
7.0), 0.1$ M NaCI, 20 mM sodium ascbrbate, 0.1% Triton 
X-100, and 0.5 mM phenylmethylsulfbnyl fluoride al 4*C. The 
homogenate was centrifiiged at 1000 x ^for 5 min, and the 
supernatant was ccntrifuged at 27,000 x g for 15 min. The 
27,000 x g supernatant was centrifiiged at 100,000 x g for 1 
hr, and the pellet was re suspended in extraction buffer. 
Protein in the different fractions wag measured fay the 
Coomassie dye-binding assay (Bio-Rad). HBsAg was as- 
sayed with the Auszyme monoclonal kit (Abbott), using the 
positive control (HBsAg derived from human serum) as a 
standard. The positive control was diluted to give HBsAg 
levels of 0.09-1 .3 ng per assay, and the absorbance at 492 run 
after color development gave a linear relationship in this 
range. 

Inmumoaffiiihy Purification of HBfiAg from Transgenic 
Tobacco. Monoclonal antibody against HBsAg (clone 
ZMHB1) was obtained from 2ymed Laboratories. Tbe inv 
munogen source for this antibody U human serum. The 
antibody was bound to AfU-Oel Hz hydrazide gel (Bio-Rad) 
according to the instructions supplied with tbe kit. Soluble 
material that was resuspended from the 100,000 x g pellet 
wafc made to 0.5 M NaCI and mixed .with the immobilized 
aritibody-gel by end-over-end mixing for 16 hr at 4*C. The gel 
. was washed with 10 volumes of 10 mM sodium phosphate. 



pH 7.0/0.5 M NaCI, and 10 volumes of 10 mM sodhim 
phosphate, pH 7.0/0.15 M NaCI, and bound HBsAg was 
eluted with 0.2 M glycine (pH 2.5). The ehiate was immedi- 
ately neutralized with Tris base, and particles were pelleted 
at 109,000 x g for 1.5 hr at 5°C. The pelleted material was 
negatively stained with phosphotun£Stic acid and visualized 
with transmission electron microscopy using a Phillips CM10 
microscope. 

Sucrose and CsCI Gradient Analysis of HBsAg from Trans, 
genie Tobacco, Extracts of leaf tissues were made as de- 
scribed above and 0.5 ml of the 27,000 x $ supernatants was 
layered on linear ll-ml 5-30% sucrose gradients made in 10 
mM sodium phosphate, pH 7.0/0.15 M NaCI or discontinu- 
ous 12-ml CsCI gradients (1.1-1.4 g/mt) made in 10 mM 
sodium phosphate at pH 7.0 (3 ml each of 1,1, 1,2, 1.3, and 
1.4 g of CsCI per ml). Positive control HBsAg from the 
Auszyme kit was also layered on separate gradients. The 
sucrose gradients were centrifuged in a Beckman SW41H 

A RNA blot 
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Fio. 2. HBsAg mRNA and protein levels in transgenic tobacco 
plants. (A) Total RNA from wOd-type untansformed or independent 
transgenic tobacco lines carrying either the pHBlOl or the pHB102 
construct was bybrtdiied with a probe specific for the HB&Ag coding 
region. tfrj Protein extracts from the' same leaves were tested for 
HBsAg with the Auszyme monoclonal kit (Abbott), and HBsAg 
levels were quantified using a standard curve of human scrum- 
derived HBsAg. Numbers: 1, wlM-type control plant; 2-*\ indepen- 
dent traasformants harboring the construct in pHBlOl; 7-9, inde- 
pendent transformants harboring the construct in pHB102. 
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rotor at 33,000 rpm for 5 hr at 5*C and fractionated into 1-ml 
fractions while monitoring the Aw>. The CsCl gradients were 
centrifuged in a Beckman SW40m rotor at 30,000 rpm for 25 
hrat 5*C and fractionated ioto 1.0-ml fractions. HBsAg in the 
gradient fractions was assayed using the Auszyme kit as 
described above. The density of gradient fractions was mea- 
sured by weighing aliquots with an analytical balance. 

RESULTS AND DISCUSSION 
The plasmid HB101 (Fig. 1) was constructed by inserting the 
coding region for HBsAg from pMT-SA between the BamUl 
and Sac I sites in the plant transformation vector pB112l after 
removal of the OUS coding region. In this construct the 
expression of HBsAg is driven by the CaMV 35S promoter 
A modification Of pHBlOl was made by inserting the CaMV 
35S promoter with dual transcriptional enhancer linked to the 
TEV 5' nontranslated leader (10) in the place of the original 
35S promoter to form pHB102 (Fig. 1). The TEV leader acts 
as a transiational enhancer to increase the amount of protein 
made using a given amount of template mRNA (9). 



lite plasmids were used to transform tobacco by the leaf 
disc method using Agrobacterium, and regenerated kanamy- 
cin-rcsistant transform ants were analyzed by hybridizing 
RNA samples with a labeled probe encompassing the coding 
region of the HBsAg gene. Fig. 24 shows the results of an 
experiment where selected transformants harboring either 
the pHB 101 or the pHB102 construct and a wild-type control 
were probed. The signals were variable between transform- 
ants, as expected due to effects Of position Of insertion ioto 
theg enomic DNA and differing copy number. The transcripts 
from the pHBlOl transformants (Fig. 2A> lanes 2-6) were 
-1.2 kb in length by comparison with RNA standards 
(H.S.M., unpublished data), which is consistent with the 
expected site. The pHB102 transcripts were slightly larger 
(Fjg. 2A, lanes 7-9), owing to the 5' addition of the TEV 
leader sequence. The oontransformed control leaf RNA (Fig. 
2A t Jane 1) showed no detectable signal at this stringency of 
hybridization. Thus, mRNA that hybridizes specifically with 
HBsAg probe was present in the leaves of selected trans- 
formants. and there is no inherent transcriptional limitation to 
the expression of HBsAg in tobacco leaves. 
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Using the HBsAg assay kit, we tested leaf extracts for the 
presence of material that reacts specifically with monoclonal 
antibody to serum-derived HBsAg. Fairly low levels were 
observed for the pHBlOl transformants, ranging from 2 to 6 
ng/mg of soluble protein (Fig. IB, no 9. 2-6). The pHBl02 
transfonnants showed substantially greater levels of HBsAg, 
ranging up to 66 ng/mg of soluble protein (Fig. IB, noa. 7-9), 
The reaction was specific because wild-type tobacco showed 
no detectable HBsAg (Fig. 25, no. 1). The levels of HBsAg 
observed in the individual transfonnants Were roughly pro- 
portional to the levels of specific mRNA encoding HBsAg for 
a given construct. The pHB102 tranaformants, containing the 
5' TEV leader, showed much higher accumulations of HBsAg 
for a given amount of mRNA than did the pHBlOl trans- 
fonnants (Fig. 2). The translational enhancement observed in 
mRNAs carrying the TEV leader appears to involve a cap- 
independent competition for translation initiation factors P). 

HBsAg from human serum occurs as «22-nm spherical 
particles, consisting of protein embedded in a phospholipid 
bflaycr. Since rHBsAg from plasmid-transformed yeast also 
occurs as particles of a similar size class , we sought evidence 
that the recombinant material in tobacco is present as parti* 
des. Wc observed that 95% of the HBsAg in the 27,000 x g 
supernatants of transgenic tobacco leaf extracts pelleted at 
200,000 x g for 30 min (H.S.M., unpublished data), suggest- 
ing a particle form. We purified HBsAg by immuiioaffinity 
chromatography using a monoclonal antibody raised against 
human senim-derived HBsAg. Inspection of this material by 
negative staining and transmission electron microscopy re- 
vealed the presence of particles ranging in diameter between 
10 and 40 nm (Fig. 3). Most of the particles were between 16 
and 28 nm (Fig. 3 Lower); the average diameter was 22 am. 
These are very similar to the particles observed in human 
serum (2), although we observed no rods. The r HBsAg 
particles from yeast occur in a range Of sizes with a mean of 
17 nm (3). We conclude that the rHBsAg made in transgenic 
tobacco retains the capacity for self-association and thus has 
the physical properties of human serum-derived HBsAg and 
rHBsAg from yeast, both of which arc highly immunogenic 
in the particle form. 

We obtained further evidence of particle behavior from 
sedimentation and buoyant density studies of transgenic 
tobacco leaf extracts. Fig. 4 shows a sucrose gradient profile 
of HBsAg activity from transgenic tobacco harboring the 
construct in pHBHE. The plant-derived HBsAg sedimented 
with a peak near the 60S ribosomal subunit, and the serum- 
derived material sedimented in a somewhat sharper peak just 
slightly slower. These data arc consistent with the finding 
that human HBsAg sediments at 55 S (14). The observation 
that the plant material sedimented slightly faster and with a 
broader peak than the human HBsAg is also consistent with 
the larger mean size of the plant particles and wider range of 
sizes (Fig. 3). The buoyant density of the rHBsAg from 
transgenic tobacco in CsCl was found to be M 1.16g/ml (Fig. 
5), whereas the human particle showed a density of about 
1.20 g/cnl. Thus, the rHBsAg from transgenic tobacco ex- 
hibits sedimentation and density properties that are very 
simitar to the subviral particles obtained from human serum. 
Importantly, HBsAg in the particle form is found to be much 
more immunogenic than that in the form of the peptide alone 
(4). 

The subcellular localization of the HBsAg in our transgenic 
plants has not been characterized. Particles are observed in 
the lumen of the endoplasmic reticulum! in infected liver cells 
(15) and appear to be secreted by the constitutive secretory 
pathway. The peptides contain two signal sequences, one 
N 'terminal and one internal, that together determine a trans- 
membrane orientation of the molecules <2), Whether the 
rHBsAg particles in leaf ceDs are secreted to the extracellular 
space or retained within the cytoplasm b a question that 
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Fio. 4. Sucrose density gradient sedimentation of HBsAg from 
transgenic tobacco. Soluble fractions from a transformant harboring 
the pHB102 construct or human serum-derived HBsAg were sedi- 
mented in 5-90% sucrose gradients, fractionated, and assayed for 
HBsAg. The solid curve represents the absorbaace profile at 280 am 
of the plant extract. The top of the gradient is at the left; positions 
of the 40S and 60S ribosoznaJ subunits are indicated, w, HBsAg in 
transgenic plant extract; HBsAg in serum-derived material; solid 
line, absorbance of tobacco leaf extract at 280 nm. 

needs to be addressed. Although the HBsAg coding region is 
part of a larger open reading frame in the viral genome (2), the 
lack of the pre^S peptide does not alter the formation of 
particles in transfected mammalian cells (16) or yeast (3). Our 
construct also contains no pre-S sequences and Is thus similar 
to that used in those studies. We were unable to analyze the 
size of the HBsAg peptides produced in transgenic tobacco 
because the monoclonal antibodies that we used foiled to 
recognize the SDS-denatured peptides on SDS/PAGE Wots. 
The antibodies did recognize undenatured HBsAg in dot blots 
of leaf extracts or blots of whole leaves or seedlings r however 
(H-S.M., unpublished data). 
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FlC. 5. Buoyant density in CsCl of HBsAg from transgenic 
tobacco. Supernatant fractions of transgenic tobacco harboring 
construct DHB102 and human serum-derived HBsAg were banded in 
a 1.1-1.4 g/ml CsCl gradient. Fractions were assayed for HBsAg 
activity. HBsAg in plant extract; HBsAg in serum-derived 
materia); o, density of gradient fractions. 
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In conclusion, we have shown that HBsAg can be ex- 
pressed in plant tissues via stable transformation with foreign 
DNA. Furthermore, the rHJBsAg from transgenic tobacco is 
recognized specifically by monoclonal antibodies directed 
against human scrum-derived HBsAg and is processed prop- 
erly after translation so that the antigenic particle form is 
observed. These studies indicate the feasibility of expression 
of foreign antigens in plants for possible use as oral vaccines. 
Presently, the maximal levels Of HBsAg we have found in 
transgenic plants represent «0.01% of the soluble leaf pro- 
tein. This is an inadequate level for the efficient use of plants 
as production systems for rHBsAg for vaccine use. Further 
studies must be done to increase the accumulation of HBsAg, 
such as using other transcriptional regulatory elements to 
increase mRMA levels. The processing of the HBsAg pep- 
tides in plant tissues must also be examined, specifically with 
regard to glycosylatian and intermolecular disulfide bonding. 
The HBsAg system may be useful for determining the fea- 
sibility of targeting foreign antigens to specific subcellular 
compartments. 

We thank Professor Li-He Ouo of the Chinese Academy of 
Sciences for providing the pMT-SA plaunid, Shaun Stalling* for 
construction of the figures, Qing-Yi Zens for electron microscopy, 
and Jian-Jian Shi for technical assistance. 
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